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Fig. 1. (a) Schematic illustration of the system, the separation distance between the suspended gold nanoplate and the composite

surface is d, and the thickness of the composite film is L; (b) dielectric permittivities of the used materials as functions of imaginary

frequency.
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Fig. 2. The dielectric permittivities of VO,/PS composite materials with different filling fractions calculated using three effective

medium models: (a) The temperature T' < 340 K, where VO, is in the insulating phase; (b) T > 340 K, where VO, is in the metal-

lic phase.
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Fig. 5. The Casimir pressure as a function of composite film thicknesses L and the separation d: (a), (b) Correspond to temperat-

ures of 300 K and 360 K, respectively; the intervening medium is diiodomethane, and the filling fraction of VO, particles is fixed at
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Fig. 6. Variation of the Casimir pressure with the filling fraction of VO,/PS composites in different separating liquids: (a), (d) Gly-
cerol; (b), (e) bromobenzene; (c), (f) iodobenzene. (a)—(c) T = 300 K; (d)—(f) T = 360 K. The thickness of the VO,/PS composite
film is fixed at 150 nm; the gray area indicates that the absolute value of the Casimir pressure is greater than 2 Pa.
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Tunable Casimir equilibrium based on VO,/PS composite

o *
phase-change materials
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Abstract

The Casimir interaction between a suspended metallic plate and a VO,/PS phase-change composite
nanofilm in a liquid environment is investigated. By exploiting the metal-insulator phase transition of VO, the
electromagnetic response of the VO,/PS composite nanofilm is systematically described using the
Maxwell-Garnett, Cuming, and Bruggeman effective medium models. Based on these models and Lifshitz
theory, the Casimir pressure is calculated and analyzed as a function of separation distance, filling fraction, film
thickness, and temperature. The results show that the Casimir pressure strongly depends on both the VO,
filling fraction and its phase state. Within a specific range of filling fractions, the temperature-driven phase
transition of VO, enables a reversible transition of the Casimir interaction between long-range attraction and
being a stable equilibrium state. As a result, the system allows for the creation, elimination, and continuous
tuning of Casimir equilibria. This work provides a multi-parameter control of Casimir equilibria using phase-
change composite materials and offers theoretical guides for the precise manipulation of Casimir interactions at

a micro/nanoscale.
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